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Investigating the kinstics of phase transformations in 1617 N
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AUTHORS: Zakharov, Ye.K.; Livshits,  B.G. , ,
e T \’6 "i ." -/‘
TITLE: Allotropic and Magnetic Transformatlons in Cobalt -Chrome-Titanium
Alloys

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. - Chernaya metallurgiya,
1960, No. 3, pp. 125 - 130

TEXT: Allotropy in the Co-Cr-Ti alloys investigated was determined by
measuring the magnetization of the alloys during heating and coaling in weak
magnetic fields, using an improved Akulov AAT'-50 (AAG-50) anisometer with a
more sensitive suspension on longer springs. This anisometer shows a 350 - 400mm
shift on the scale in 1.5 m distance during measurements on a 35 mm long specimen
of 2 mm in diameter and a 150 - 200 cersted outer magnetic field. The position
of the light spot (shift) could be reproduced with $1 mm accuracy. The growth
of magnetization with allotropic transformation is clearly seen on levelled curve
portions. The improved anisometer is insensitive to building vibration and
traffic in close vieinity to the premises. Curie points were found with suffi-
cient accuracy in the 20-1,15000 range. The interdependence of Curie points and
the alloy compositions was found. The Curle points dropped in alloys with Cr and
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Allotropic and Magnetic Transformations in Cobalt-Chrome-Titanium Alloys )(

Ti; binary Co-Cr alloys with over 18-19% Cr became fully non-ferromagnetic at room
temperature. Some alloys had two Curie points, which indicates a high tendency
to overheating and overcooling. The solubility of Ti in Co was stated to be about
8% at 850°C and to drop with decreasing temperature. This nearly fits the value
of 7.2% found by Koester (Ref. 5), but is far from the vaiue of 20% found by Liv-
shits and Khorin (Ref. 7). Microrhotographs confirmed the magnetlic measurement
results: beginning heterogeneity was found in a structure with 9% Ti, clear eutes-
tic in the case of 12% Ti; Co-Ti with less than 4% Ti had martensite structure
with Co ind-ani f-phases. Butectold decomposition was observed at more than 8%
T4 content. No sign of martensite or eutectic was revealed in structures with 4.
-84 T1, and i* appears that these processecg are inhibited in this Ti-content range
In ternary alloys with Cr:Ti=1 the structures sequence was analogous, and the
total solubility of Cr and Ti a% 720°C was 8% (4% Cr and 4% T4). The high differ-
ence of data obtained compared with Referene7 will be discussed later. There are
.5 figures and 7 references; 2 Soviet, 2 German, 2 English.

'ASSOCIATION: Moskovskly institut stali (Moscow Steel Instizute)

SUBMIITED: February 27, 1959
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PERTODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya metallurglya,
1960, Nr 5, pp 99 ~ 101

TEXTs The K-state, revealed in a number of single-phase alloys, en-
tails strengthening of interatomic forces in the solid solution. Apparently,
the K-state impedes diffusion processes in heat resistant alloys, in parti-
cular, coagulation of the strengthening phase, and gonsequently may lmprove
their heat resisting propgriies, This was s udied by continuous heating and
cooling of U437 (EI437)8and IM6L7 (EI617)%alloys. To reveal the effect of
the K-state on heat resisting properties of EI617 alloy, specimens were
subjected to standard treatment and preliminary standard tempering up to the
K-state (Table 1), Table 1 shows that tempering up to the K-state almost
doubles the durability of the alloys. The positive effect of the K-state on
the heat resistance of EIU37 specimens was established by cooling the speri- .
mens and by tempering them at 700°C [Ref 7]. Table 2 shows that delayed “/
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The K-State and Durability of Nickel-Chrome Base Alloys

cooling down to 600°C increased the durability of the specimen. The experi-
ments confirmed .V, Kurdyumov's theory on the effest of interatomic forces
on heat resisting properties, The K-state probably improves slso the heat
resisting properties during intermittent tempering; this 1s explained by

the fact that nuclei of the & '-phase, forming during cooling periods between
the tempering times, grow only slightly, since their coagulation is impeded- by
the submicroheterogeneity of the solid solution (K-state). This state arises
during the multiple cooling and heating processes and is maintained at high
temperatures, On the other hand the separation of the O '-phase furthers a
fuller development of the K-state, since Al and T1 are eliminated from the
solution which becomes more durable during each cycle of tempering. This im-
pedes ocoagulation of the o '-phase. The use of tempering up to the K-state
or the replacement of contimuous tempering at 800°C by intermittend tempering
may raise the operational temperature or the admissible straln, There are:

2 tables and 7 references, 5 of which are Soviet and 2 German, #/

ASSOCIATION: Moskoyskiy institut stali (Moscow Steel Institute)
SUBMITTED: June 22, 1959
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S/180/60/OOO/CO5/011/033
18.050 E073/E535
AUTHORS: Belyatskaya, 1. S. and Livshits, B, G., (Moscow)
TITLE: On the Theory of FPhase Transformationéb in Refractory
V\Nickel-Chromium,Base Alloys
T v
PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1960, No.9, pp.122-127

TEXT: The authors investigated phase transformations in an
industrial nichrome base alloy. The high refractory properties of
this alloy are achieved on the one hand by alloying Fe-Cr-Ni solid

golution Ki;th guch high melting point elements as molybdenum Yand
oL s

tungsten,V\which increase the strength of the interatomic onds of
£he crystal lattice of a solid solution and slow down the process
of softening at elevated temperature and, on the other hand, by
introducing t1iteaniumvknd aluminiumViintensive dispersion hardening
is achieved as 2 result of formation of a considerable quantity of
a thermally stable inter-metallide of the hardening phase Ni (A1,Ti)
of the a-type. In addition to studying the kinetics of fo?mation
of the K-state in the alloy, the temperature range and the kinetics
of other phase transformations were studied, All these Specimens
were quenched in water after holding for 2 hours at 1200 C for the
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On the Theory of Phase Transformations in Refractory Nickel-
Chromium Base Alloys

purpose of obtaining a practically uniform solid solution, To
establish the temperature ranges of phage transformations, the
electric resistance was measured of the quenched specimen in the
process of continuous heating and cooling by a compensation method
using potentiometric apparatus, The Kastate was very highly
pronounced (curve 3, Fig,l), Up to 450°C the electric resistance
increased continuously in accordance with the tempgrature
coefficient of the resistance; between 450 and 900°C an increase in
the electric resistance was observed, which is characteristic for
the K-state, To study in greater detail the k netics of the
transformations in an alloy quenched from 1200°C, vari 21
were temgered at 100, 200, 300, 400, 200, 600, 700, 800, 900, 1000
and 1050°C for durations of 0.5, 1.5, 3, 5, 10, 16, 20, 25, 50 and
100 hours followed by cooling in water, after which the hardness
and the electric resigtance were measured (Fig,2).

the:physical properties; at 450 to 8g0 C the elect
increased, reaching a maximum at €00 C. Above 600°C the resistance

0008-6
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On the Theory of Phase Transformations in Refractory Nickel-
Chromium Base Alloys

decreased both as a result of destruction of the K-state and also

ag a result of the beginning of the decomposition of the solid
solution, The authors also carried out experiments on the processes
taking place during a gecondary quenching of nichrome base high
temperature alloys. The aim of the first geries of experiments was
to study the speed of dissolution of the hardening a-phase at )(
1050°C (secondary guenching temperatgre), Specimens which were
quenshed from 1200°C and aged at 800 C for 16 hours were held at
1050°C for 30 min to 24 hours and then quenched in water. Following
that, the specific resistance and the hardness were measured. Then,
the specimens were again aged for 16 hours at 800 C and the
resistance and hardness measured. The results, Table 2, indicate
that the hardness dogs not change appreciably as a result of the
holding time at 10507C. Long run strength tests have shown that
the optimum emperature for secondary quenching of the ailoy is
1000 to 1050°C; the microstructure of such specimens shows a
relatively uniformly distributed network of relatively large

carbide particles along the grain boundaries. The best refractory
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AUTHORS: Verigina, 2.8., Livshits, B.G.
TITLE: Determination of Critical Points in Commercial Titenium Alloyg]

BT-3 (!z:gl{and BT-3-1 (VI-3-1) ¢

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya metallurglya,
1960, Nr 5, pp 163 - 171

TEXT: The commercial titanium alloys vT-3 and VT-3-1 (composition
given in a table) become brittle after conventional thermal treatment, To
explain the causes of such brittleness and to select the appropriate thermal
treatment for eliminating same the authors undertook to determine the upper
and lower critical points and the cooling rates ensuring the equilibrium
state at low temperatures. To determine the upper critical points the
specimens were water-cooled from various temperatures, Heating was performed
in a vertical furnace in argon atmosphere. Additionally, X-ray analyses ware
carried out with the use of da%a submitted by Yu.A, Bagaryatskly, T.V. Tagunova
and 0.I. Nosova [Ref 4]. To determine the lower eritical poinis and cooling
conditions entalling the equilibrium phase state, the specimens were cooled at
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Determination of Critical Points 4n Commeroial Titanium Alloys Br-3 (vr-3)
and BT-3-1 (VP-3-1)

different rates from the (> -zone (500, 200, 100, 80, 60 and 40 degrees per
hour, and the VT-3 alloy at 15 degrees per hour), In alloys cooled down to
the equilibrium state, electric resistances were measured during heating and
cooling (Figure 5). It was established that the single-phase f -zone was
obtained for VT-3 by heating up to 1,100°C and for VI-3-1 to 1,000°C, The
lower critical point (probably the eutectoid one) was for VT-3 equal to
580°C £ 10, and for VT-3-1 500°C £ 10, The replacement of 0.75% chromium
by 1.7% molybdenum reduced the upper and lower critical points approximate-
ly by 100°C, The anrealing structure of the VT-3 alloy was obtained by a
cooling rate of 15% hour and of VI-3-1 by ‘that of 40°%hour,

There are: 1 table; 4 sets of microphotos, 2 sets of graphs and references,
3 of which are English and 1 Soviet.

ASSOCIATION: Moskovskly institut stali (Moscow Steel Institute) 8

SUBMITTED: November 17, 1959
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AUTHORS W-; Liyshite. BaGe o
— \

TITLE: Investigation of Secogaary uenching Effect on the Structure and
properties of the 5161]{Alloy
\

PERIODICAL: 1zvestiys vysshikh uchebnykh gavedeniy. Chernaya metallur-
giye, 1960, Nr 7, PP 156-162

i oo e i b R T T

, of the experiments described was the jpvestigation of
: ‘phenomena,in secondary quenching of heat resistant n3N61T" (E1617) 8lloy
(15.3% Cr; 1.99% Ti3 1.78% Alj 5.22% W3 0.26% V3 3,89% Yo 1.38% Fe; 0.05
B; .09% C, the base Ni). The alloy develops dispersion har
900°C, with geparation of an intermetalloid phase of N
K- state at lower temperatures remains apparently to 800- e
atandard heat tgeatment of this alloy are two air quenchings (1,200 g, 2
hours and 1,050°C, 4 hours) and subsequent 16-hours annealing at 800°C
with cooling in air. It is known that quenching from 1,200 C only, with '
gubsequent annealing, drastically reduces the neat resistance of the alloYs
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AUTHORS : Lakhman, N.G., and Livehit%, B.C.

TIfLE:,. Metallographic investigation of the alfenol alloy -

PERIODICAL: Izvestiys vysshikh uchebnykh zavedeniy. Chernaya metallurgiya,
no. 9, 1960, 148-156

TEXT1 Information is given on the techniques and results of an
investigaticn of the alfenol alloy developed recently (Ref.1,3) (Abstracter's
note: The sources referred to are J. of Appl. Physics and Metal Progress).
The alloy is highly interesting as magnetically soft material; its draw -
backs are brittleness and heterogeneity of magnetic properties even in a

single heat. The insestigation purpose was to find out the effeoct of the Q//
cooling rate in crystallization and of homogenization of cast metal. The <
investigation presentz a part of work on melting and working alfenol that

has been done at the Institut pretsizionnykh splavov TsNIIChM (Institute of
Precision Alloys of TsNIIChM); the metallographic investigation has been

done by the Moscov Steel Institute. The alloy has been melted from armco

iron and 43000 (AV000) eluminum, with 16.3% Al and below 0.02% C, in an
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Metallographic investigation... A161/4030 :

open induction furnace, with the use of boric lime ("borkal'k") and cryolite
slag. The cooling rate was varied by teeming into water-cooled copper ingot
molds, steel, and ceramic ingot molds, in 2.5-4 kg ingots. Cast metal was
homogenized at 1100 and 980°C, then forged and rolled hot and warm (600°C)
into 0.35 mm thick strip. The investigation consisted in chemical analysis,
macroscopic and microscopic analysis with quantitative metallography methods
and an electronic microscope; hardness (Rockwell), microhardness,s micro-
thermo-e,m.f. and electric resistance were measured. Segregation of alumi-
num was very high (2-4%, and even 6% in one ingot); hardness varied between
8 and 13,5 3p in one ingot. The alloy proved extraordinarily sensitive to
cooling conditions; the worst porosity, deepest shrinkage holes and hetero-
geneity of grain was obtained in ceramic molds, Best results were obtained
“in water-conled copper molds, but with high stresses that caused deeper
cracks and folds in rolled strip. Homogenization in 1100°C for 48 hrs
drastically increased grain size, with smaller grair in the ingot bottom,.
and fine grain around the shrinkage hole (apparently due to impurities);
homggenization in 980" increased grain size only slightly, slightly affected

T cardi2/g
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hardness and reduced electric resistance. Cast, homogenized and forged
alloy had a peculiar network of parallel intercrossing lines in masrosections,
visible even with the naked eye (Fig.3,8). The network was not present on
the ground surface. After deep etching, regrinding and repeated etching,

the metal crumbled in triangular and rectangular pieces. Several different
network tyres were stated (rig.3, a,b,c,d ). The nature of the network

has yet to be gtudied. The microscopic structure contained different

phases. [lbstraoter's note: The description of crystalline structure is
given with references tc 10 English and German language sourcég]. It is
said that the nature of the revealed phases needs further study. The pre-
sence of Fe-Al carbide and aluminum nitride is supposed, and it is concluded
that alfenol melted ‘n open furnace must be considered belonging to termary
Fe - Al'- C, or to quaternary Fe - Al - C - N system. It is stressed that
the presence of large carbides and nitrides on the boundaries and within
grains may cause brittleness and probably causes anomalous grain growth at
high temperatures. N,P.Gromov, Y.A.Gratsianov, A.A.Gerasimenko, B.V.Molo~-
tilov and V.A.Fedorov of the Institute of Precision Alloys carried out the
investigation at the institute. Graduate of the Chair of Metallography
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; Ye.M.Strug carried ocut the microthermo-e.m.f. measurements. There are &4
‘ figures and 17 references: 3 Soviet-bloc and 14 non-3oviet-bloc,

ASSOCIATION: Moskovskiy institut stali (Moscow Steel Institute)

SUBMITTED: 16 April 1960
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AUTHORS ¢ Zakhurov, Ye. K., Livshits, B. G,
. T
TITLE: Investigation of transformations in the cobalt-chromiume
~titanium systenm
¢ PERIODICAL: Izvestiya vyashikh ucheétnykk zavedeniy. Chernaya retallurgiya
no. 11; 1940, 05 - 112
) TEXT: The work i= ths continuation of a study of the Co-Cr-Ti equi-

librium diagram; solid state equilibrium data determinded at 1050, 950 and
- 750°¢ (Ref. =: R n Tiiwahita  Yn D, Khorin, Zhurnal neorganicheskoy
khimii, v. 3, no. 3%, 19583 Ref, 2: P. 1. Kripyakevich, Ya. D. Khorin.
Nauchnyye doklady vyeshey shkoly. Matallurgiya, 1958, No.1) had to be com-
plemented. Thehplatinumrplatinorhsdium thernocouple Ln an aluminum oxide
hood used in this experiment zeries had s high degree of aceuracy. The
allotropic transformation was Investigated by dilatometrie and magnetdic
mathodss the Curie points were detwmined at the samo Lime, The cobalt
alloys urdsr study contained up to 60% Cr and up te 35 % Ti. The axperi-
ment rosultis ere shown in the diagran (Figure 1) thas includes a new rhase,
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£, revealed beyond the Ti solubility 1limit in alpha and teta Co. This
intermetsllic compsund sesmed to hawve a structure resembling the Ni,Ti
compound described in (Ref 10: F. Laves, H. J. Walltaur. Zschr.f.Kristallo-
graphie v.10%, 1939, p. 78, and Ref. 11¢ A. Taylory R. W. Floyd. Acta
aristallographica; 1950, 3 No. 4, p. 285) and CO;Me and Coz¥ found ty M. M.
Babich, Ye. N. Kislyakova and Ya. S. Umanskiy in”$926 (Befs 122 ZhTF, 1938
No. 2. v. 8). A ternary intermetalliz compound waa revealed also in the
ternary system; CogCrpTi (or x wphage) (Ref. 1), and 1% had to be determined
if it waa a stable chemical compound or note. Tha information includes the
diagrams prepared in experiments and A doetailed discuseion of observaticns.
The 1~ghase proved unstable and was formed bty peritetic reaction in 1150 -
. 1200°. . The iwo-phase state revealed at the end of crystallization sepa-
rated into two thrac-phass [£+ x #Y, €+ + (Co, Cr)?Ti! and two two-phase
states U1+é, ¢ + (Co, Cr),7i] . The stated effect of Cr and Ti on the
temperature of magnetic (63 ind allotropic (A and Ap) transformations is
shown in four graphe (Figure 4Y. Alluys adjoining the Co-T{ side of the
composition triangle in Co - ¢ interval ani eontainiag 15 - 20 % Cr include
a somponent analogous with the binary quasi-eutoctoid . -Co+é, With a
higher Cr content in ternary alloys, no decomposition was observed; Cr

Card 2/5
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additions rgised the & ~-Co=23-Co transformation temperature. The ailotro-
- pic ¢— ¢ transformation observed in Co-Cr alloys in 1310 - 1260° (45 - 58 %
'Cr) was observed in ternary alloys as well. The thermic stop in 1280 -.
 271270° stated in alloys GO % Cr - CopTi and 55 % Cr - Co,Ti at addition
of 6 % Ti corresponds with the allotropic ¢ -» ¢ trensition. Magnetic trans-
formation occaumrad both above and below the A, point, i.e., in the alpha and
in the beta phase, This indicates that solid state equilibriun is diffi-~
; _cult to reach in %temperatures below 600°. There are 4 figures and 13 re-
! ferences: 6 Soviet and 7 non-Soviet bloc. Two English language publicatiom
read as follows: (Ref. 8) A. Elsea, A. Westermenn, G. Manning, Metals Tech-
nology, 195, Yo. 4, 1948, 13 - 24; (Ref. 11) 'A. Taylor, R. ¥. Floyd, Acta
cristallographica, 1950, 3, No. 4, p. 285.

ASSOCIATION: Moskovskiy institut stali (Moscow Steel Inastitute)

SUBMITTED: March 29, 1960.
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AUTHOR:

TITLE: Solid-solution Heterogen
Ageing in Iron Allo 8./

PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol. 10,
No. 2, pp. 272 - 284

TEXT: The author deals with the
Ref. 1) of single-phase alloys.

eity and the Initial Stage of

K-state (so called by Thomas,
This is characterized by changes
in many properties (Refs. 1-5). .The author presents data showing
that the same considerations apply to iron-nickel alloy (36% Ni)
containing 5.5% niobium. He shows the electrical resistivitx of
this alloy as functions of tempering temperature (300 - 650 c)
for 1-50 hours' holding time (Fig. 1); all the curves show a
maximum, the resistivity also rises with increasing holding time
but this effect decreases with rising temperature. Dilatometric
and microhardness measurements confirmed the resistivity indi-
cations of the K-state. The behaviour of the alloy suggested anal-
ogy with the two stages of ageing in aluminium alloy. To check
this the author, in collaboration with Van Zhun', studied the
ageing of the alloy and type N36KhT alloy, after hardening from
1150 C, in water. Fig. 5" shows the resistivity, Fig. 3 the

Card 1/4
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Solid-solution Heterogeneity and the Initial Stage of Ageing in
Iron Alloys

saturation magnetization and Fig. 4 the hardness as functions of
tempering temperature (100 - 900 C) for tempering times of

0.5 - 7 hours; two stages of ageing are evident in each figure.
In the high-temperature stage precipitation of second phase was
detected metallographically. No evidence of second phase was
found for the low-temperature (up to 600 °C) stage. The low- and
high-temperature stages involve opposite changes in saturation
magnetization. X-ray diffraction analysis shows that the small
decrease in lattice spacing at 300 - 450 °c is due to K-state
formation; the increase at 450 - 600 "C corresponds to its
elimination; that at 600 - 800 °C indicates a sudden change in
solid-solution concentration through precipitation of second phase.
The author estimates the activation energies for the low~ and high-
temperature ageing processes at 40 000 cal/g atom and 71 000 cal/g
atom. Reversion after ageing was studied at 350 - 600 °C,
followed by 5 seconds in mdten tin at 700 OC. Fig. 5 shows
resistivity, saturation magnetization and hardness as functions of

time for the various parts of the heat treatment. The investigation
Card 2/4
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phase develop indepe
proceed together; comp
the new phase precipitates.

remainder Fe). Fig

this alloy,
and destroyed by deformation.
alloy properties occurred
with brief heating to 700 C:
and hardness as functions

Card 3/h
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showed that K-state formation and pre
ndently and can, at certain temperatures,

lete reversion is only possible before
The author notes that similar

effects were obtained for N36KhT alloy (Ref 9) and describes

experiments with this alloy (34.5%
6 shows resistivity as functions of temp-
erature (300 - 800 C) for various ageing times (0.5 - 6 hrs).
To elucidate the nature of the low-
influence of cold deformation on the properties of low- \x;
temperature aged alloys was studied;
and hardness as functions of deformation.
the K-state is produced by tempering below 500 °c
Incomplete restoration of the
after ageing at 400, 450 and 500 °c,
Fig. 8 gives the resistivity

of ageing time at 450 °C (n.b. given

as 500 °C in text, 450 9¢ in figure caption).

cipitation of the second

Ni, 12.43% Cr, 3.62% Ti,

temperature stage the

Fig. 7 shows resistivity
It appears that in

Similar results
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9 gives lengthmchange

e Results

esistivity ang hardness)
for the 21% Mo alloy are shown in Fig,

10 as functions of
tempering temperature, He gives Tesults for some further
alloys (compositions in Tables 1-2), 7T

he general conclusion
e K-state isg analogous to the

force, r

© not act asg nuclei for precipltatlng
Phases, There are 10 figures, 2 taples and 18 references:
9 Soviet, 4 English, 4 German ang 31 Jap
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1&- Wi L161/4733
AUTHOHRS: Livshits, B. G., end Rymashevskiy, G. A.
TIPLE: Characteristic temperdture of NijFe + molytdenum alloys

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniyn Chernaya metallurgiya,
no. 1, 1961, 151 - 157

TEXT: The Moscow Steal Inztitute conducted the subject investigation
in view of difforent opinions in literature on the nature of transformations
in permalloys alloyed with more than 1% Mo. The composition of the studied
alloys is given in the table (in weight % of gomponents):

Composition no. _ Mo Fe i - GC Mo (atomic %)
1 - Praces 7640 0.03%2 -
2 1.2 " 16.0 0.032 Q.73
3 52 " 76.Q 0.036 1.96.
4 5.¢ " 76.0 0.03%6 3,22
5 7.2 " 16,0 0.023 4.49
6 10.2 Y 76.0 0.023% .45
Card 1/8
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The alloys were smelted in a 10-kg capacity induc:ion furnace, hot forged
and drawvn into 5 mm diameter specimens. Specific electric resistance, Young
modulus, modulus of shear, and the characteristical Debye temperature were
measured. The elasticity modulus and Dabye temperature were determined by
measuring the natural frequency ¢f longitudinal and torsional oscillations
of specimens gripped in the center and subjected either to alternating com-
fression or to alternating torque by trapsmitters of corresponding design
described by V. I. Kerotkov fRef. 91 eM v M{FM i M) v. II, no. i, 1956 .
The Young modulus (E) and shear modulus (G) were calculated by the formulae

(157
981107

kg/mm? | (1)

E =

(2)
where L is the specaen length; ¢ =~ density; fj - natural frequency of

iongitudinal oscillationsj fy - natural frequency of torsional oscillation:
The elasticity modulus was determined with about 0.4% accuracy. The char-

Card 2/8
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-acteristical Debye temperature was also calculated from the natural frequen-
" cies of longitudinal and torsional oscillations, by a method suggested by
“:B. N: Finkel'shteyn and V. I. Korotkov (Ref. 10: DAN SSSR, no. 5, v. 108,
© 1956, 846). .Tne formula for calculating the characteristical temperature

s . AR Y ,

: :o;.;;(.;g.)fs.u,. . - () li
,_ [ 4- (%)

end the acouracy of & determination is about 0.4%. All alloys were brought
< into an initially disordered state by quenching at 1,000°C in a. 10-% aqueows
i golution of NaCl. Then the quenched alloys were tempered at 380° with 20 to
{620 min soaking. The compound states were fixed by quenching in water. All
" properties were measured at room temperature. Measurements were also made
;. on alloys in the cold-deformed state, with ebout 40% deformation, for com-
' perison. All alloys were monophase s0lid sclutions. The investigation re-
1 sults are given in graphs. As can be seen (Fig. 1) the Young modulus (E)

-.)‘

e 2 e delees S ey EREERsEsY BT

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"



f'_AI?PROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6

i -—‘—"5"_»4'!"::—‘ .eal" (7 R TR U SRR SR T S S PO B s e 1 R ) R e Yo
i R H H - 2. .. R g | P = = 3 5

24211 .
e —_— , ~ 8/148 61,/000/001/210/015
- Characteristic¢ temperature of... “A161/A133 D

- and shear modulus (G) changed in an opposite sense, G slightly dropped, and

"B slowly increased. The increase of the Youn> modulus became considerable . .
.~ at high Mo contents. ,The Young modulus and characteristical temperature

. (8) change vwere also opposite: § decreased with an increasing Mo content

. from 450°K for NizFe to 443°K for alloys with 10% Mo in the quenched state.
-/ This difference was higher after tempering: 4599K for NizFe and 446°K for ,
! alloy with 10% Mo. The electric resistance varied as shown in (Fig. 4), LS
"’ and the Young-modulus, shear modulus and characteristical temperature as in R
~ (Fig. 5). The electric resistance behavior indicates the existence of two
-+ processes in NizFe + Mo alloy that are leading to opposite variations of
-~ resistance, and the same is apparent in (Fig. 5). An addition of Mo to bi-
o nary alloys results in a drop of the adhesion power at the beginning due to O
. the disordering effect ¢f Mo, but this process is reversed beginnihg with =
. 14 Mo. Ordering seems to start with the formation of a new ordering phase .
i, which increases with tempering. As the ordering process in'NizFe causes a _
" reduction of volume, and the atomic diameter of o is 12% larger than of Ni, o
*. it may be supposed that Mo atoms are getting displaced to the outside of the SR
gntiphase domains, segregate there and limit the spread of domains. Thus, T

' Gard 4/8
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'g'the two diffe rent processes in Ni Fe+}4!o during tempering are apparenily the

. ‘ordering and the segregation of No.atoms (K-state). The meximum in all

* ~curves indicates that ordering takes placp. in Ni-Fe-}Yo alloys at any l{o con- '
tent. A comparison of data with the date obtained by A. Z. Ivanushkina X

- (her dissertation for the degree of Candidate of Technical Sciences, Moscow
- .Steel Institute, 1996) who studied the effect of the lio-content on the
. ‘glectric resistaice in Invar, but it seems that the much weaker effect of
|« Mo in this case can be expleined by the many tines weeker ordering process
" in invar. There are 6 figures and 10 references: 5 Soviet-bloc and 5 non-
* Soviet-bloc. Two references to English-language publications read as fol-
. lows: I. Nix, L. Beyer, 3. Denning. Phys. Rev., 58, 1031, 1940; R. M.
/" Boothby, R. Bosorth, J. Appl. Phys., 18, 173, 1947.

ASSOCIATION: Moskovskiy institut stali (Moscow Steel Institute)

lar ) -

SUBMITTED:  March 2, 1960
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AE?EBRS: Verigina, Z- 5., andﬁbivsh;tﬁ, B. G.
TITLEs devermining the mechsnical properties of the 3T-3 (vr-3) and

at-3-1 (VT~3-1) alloys

PERIODICAL: Izvestiya-vyeshikh uchrbnykh zavedeniy. Chernaya metellurgiys,
1961, 170 - 115

)
-
JMAC I ¥y

TEATs Twr ipdusirial heatz of 3T-3 E ,’; ans #i-3-1 alloys have been
irvestigated. Their chemical compoeition (1in ta) wata
Ti Al Cr Mo 0o N, . 81 Fo Hp_ C

Bage 4.8 2,76 0:20 oxe;' 0.04 0.27 0,005 0.03
Base  4.54 2.1l ‘.7 0.2 0.083 0,14 0.27 0005 0.057

e investigeticn purpogs vwas: ) o an!ormine the mechanical preperties

n tension and impast TPST=) after, anneal‘ng tc practically full equilib-
cum atater 2) To demonatrave that the wechanical properties are not chang-
Lng during heatipg to “he eutastil temperature if the specimeuns had keen

1) Tec ghew thst the standard industrial heat

=3 .\} P\.‘l

anngaled to eguilitrium state;
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treatment rgles resgl? 16 a reeidual euperconled ﬁnphaseg and that the al-
loy containing residual hbigh-temperature f tecomes brittle :n hesting, i.e. N
that the impact resisetance is lowerad. Tne standard heat trestment specifi-
cation reguiresx  heating at B70°C; cool:ng 1n the furnaze down io 6509 and
soaking for 1 houwr at this femgerature, then stzliag in open air. The ar~
zicle 1ncludes twe takbles giving the mechan.-al fropertiss tound i1n beth al-
loys n Fhe tefta BLter the standard heav treatment, ani after annealing 190
praciizaily eqguitibrium state. Specimens that had besn so annesied had the
sStrength required by the standzard gpec:ficationg, snd thelr impast resist.
ance corresponded to the upper standard roquirement limit, Thus, alloys an-
nealed to pracitical equ:iiibrium had good strength aud high impact resiétanoe
despite the very slow cooling used in the experiments (40 and 15°/hr). This
!s supposed to be due to impurities (Qp, Np) disaciv=d 1n annealing at high
temperature (in ﬁvrange) and then retaiped in o, despite very slow cooling.
Specific electric resistance increased at higher hardening temperatures in
the ﬂ-range, but hardness rose only slightly. At higher heating for harden-
ing, the jmpurities (Oy, Np) dissolve in the [ phase, and tuey are alloying
elements. Higher-alloyed ﬂ yields martensite with higher olectric resist-

Card
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ence and higher hardness, tut the hardness is compensated ty a higher quan-
tity of residual soft f, and this accounts for cnly a slight increase in
hardness compsring to the increase in electric resistance. A special in-
vestigation is necessary to study the kinetica of martenaite decompositicn
and trensformation of residual f during tempering, but it is apparent that
alloying elewents are better utilized at higher heating temperature for
herdening and annealing. It is pointed out that tensile test specimens an- :
nealed as prescribed by standerd heat treatment apecifioation daveiop:d & i
ciearly eoxpressed neck, and they elongated mainly an account of the neck. ;
Specimens annealed te¢ practical equilibrium stretched over nearly tneir en-
tite length, without any neck. I had been atated by the authors previousgiy
{Ref., ': Liveshite end Veraigine. Izv. vyssh. uch. zav. Chernaya metallurgiva,
no. 5, 1960) that the stud:ied alloys in the equilibriva stare coens:st of an
~phaze and FiCry, and after annesiing as per astandard specificaticne they
contain a residual ﬂmphaseu Ae the quantity of slip planee¢ in the hexagnpat ¢
-4- phass lattice is smaller than in the cubrc tody-centered ['-phase, *the de
formation of tension test upastmens i3 different, Specimens annealed to
practical equitibrium d&n nat becceme brittle when heated to temperatures be.
low the eutestiz. The lower toundary of the sutentic range for VT 4.1 alloy

N
BT 3 : ‘L
L B - b
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is at 500£10°C. 1In annealing as per standard specification the impast ra.-
sistance of speoimens drops aftar scaking ian 400, 450, 500 and 550°. Con-
elusions: 1) Annealing t» prasrical equilibrium state yields a strength
within the atandard requirements and a high irpact resistance. 2) The
mechanical properties of the alloys after annealing to equilibriuve de not
change after neating to sutectic temperature, Thus, the working tenperature
of the alloys can be raised by producing alloys with higher sutastie temper-
ature. 3) Annealing as required in standard apeci1fications raises atrength
to the uppor lim:t (ef stendard requirement rangs) and yields high impact
resistance; after heating te 400 - 3500 the impact resistance drope. Em-
brittlement 13 apparently caused by the formation of the martensite phases
during the decompusition of the residual pwphaae» There are 3 figures, 2
tables, and ' Boviet-blsc refarance.

AGSQCTATIONs Moskovskiy institut stali (Moscow Steel Inetitute)

SUBMITTED: June 21, 1960
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AUTHORS Livshits, B. G., Bymashevskiy, G. A.

TITLE: Variation of the bond forces of solid solutions in the N1 - Co -V

’ system :

PERIODICAL: Izvestiya sshikh uchebnykn zavedeniy. Chernaya metallurglya, no.
3, 1961, 154, - 160

TEXT: Detalled information is given on the techniques end data of an in-
vestigation corducted for the purpose of contrituting additional facis necessary

to obtain high-strength alloys. The characteristical temperature (8) of the alloys 7
was determined by varlations of the elasticity modulus, and an ass mbly was con-
structed to determine the Young's modulus (E) and the modulus of elasticily in \/k
shear (@) by the method of Ostroumov and Korotkov (Ref. 3,4: B. Ostroumov and L.
Polotovskly, Vestnik metallopromyshlennosti, 1933, 5, i4; V. I. Korotkov, Fizika
metallov i metallovedeniye, t. IIL, vyp. 1, 1955). The electric resistance, hard-

ness, density, the Curie point (’l‘c) (by the Akulov anisometer) were measured.

The metal properties were studied on specimens after annealing at 1,200°C with 2 h
holding, and after quenching'from 1,200°C with 2 h holding. Bindry Ni-V and ter-

nary Ni-Co + V alloys were melted in argon in a high-frequency furnace and poured

Card 1/4
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in argon into a copper ingot mold producing 600 - 800 g ingdéts. The composition
of the studled alloys was the fo'llowing:

No. | V# Co, £ | M1, % TV, # Co, % N1, &
(woight) |" (weight) | (weight) . (weight) | (weight) | (weight)

0.81 .- Traces’ 7, 0.9 ' |u9.81 49.29
n

1.91 .- g 7 2,21 kg.91 47.88
. 3.75 - n 3.86 48.31 47.83

8.33. - " . 8,55 16.19 45.26
1147 - " ‘ - 51.0 51.0

The artlcle includes: the formulae used for the determination of K, G and @, and
references to obtained datu by Broom and Barret (Ref. 6: Acta Metallurgica, 1953,
" v. 1, no. 3, May, p 305; and KBster (Ref. 7: W. Kbster, F. Sperner, Z.f. Metall-
kunde, 48, no. lo, 1957). Phenomena Were observed.as listed in the following.
The property curves of Ni-V in the quenched and annealed state, and NI - Co - V

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"
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in the quenched state show monotonous variation with a changing composition; E and
G.and elegtrin regsistance are growing with a ralsing V content. The resitance
curve of Ni - V alloys has a bend at the Curle point, and of Ni-Co-V a maximum - it
has a higher olectric resistance when gocled to room temperature. A peculiarvari-
ation of the elasticity modulus and Poisson factor is seen in annealed Ni-Co-V
alloys. Generally, 1t is obvlous that the properties of the Ni-Co alloy ar: chang-
ing as this would be expscted in an. ordering alloy. Addition of a third element
- with a large atomic radius to a binary ordering alloy, 1. e., Ni_Fe + Mo, is known
to replace the ordering process by a peeuliar state of heterogegeous solid solutlion
("K-state"), and same was seen in Ni-Co-¥ alloys. An addition of only 1% (atomicz)
V.to'Ni-Co inverted the s¢nse of the =ffe=t on electric resistance. At 2.5% (at) V,
the reailstancs of the annealed alloy was higher than that of the hardened. Further
ralse of V content s8lightly reduced the resistance increase rate in annealing. In
other words, 'alloys with above 1% (atomic) V hsd the K-state. An increassd V cont-
ent in Ni-Co-V alloys also caused an increase of the Young's modulus in the anneal-
ed state gompared with the hardened one; a maximum E increase was stated at 2.54%
(atomic) V content, and reached 15%; an increasing V content in N1-Co-V alloys wce-
ducéd the modulus of the elasticity in shear in the annealed stated compared with
the hardened one, the.maxigum effect was observed in an alloy with 2.54% (atomic) V

Card 3/4
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Alél/hljj
and reached 64/, The characterigssa “emperature increaseg during the ordering of the
- binary Ni-co alloy, and an additicn of v 4o the binary alloy reduces the bong foreceg
increase. AL 4.4 ang 9.7% (atomic) v 1

¥ the characterigtie temperaturs is practically
Same in hardened ang amnealed alloys.

The Poisgon factor practizally does not
change during ‘the ordering of Ni-cCo birary alloys, but grows when V ig added, apd
reaches the ma:imm at 2.54g (atom1o) V, L.e., in an alloy in which the electriy
resistance, the Youngl modulus ang elastialty modulug ip shear attain alge +pe X
Daximum value. There ape 4 ofigur
Soviet-blog. The two ref'srences to English-language bublicationsg read as follows:

T. Broom and ¢, S. Barret. po:a Metallurgica, ¥. 1, no. 3, May, p: 305; N. W.
Lord. Journ. ’hem. Phys,, 21, €92, 1953,
ASSOCIATION: Moskcvskiy lnstitus &%311" (Moscow Steel Institute)

SUBMITTED:  Neyember b, 1959
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AUTHORS ; Balyakovr, L.N, ii-shits, BeG, snd Potak, Yu. M,
(Moscow)

TITLE: The @wole oF dalve -7 ave .. T whe martensite ctransfor-
station of taipiosy st gt

PEREIODICAL: Araderiiva nzuk $55R. Tzvestiys, Otdeleniye
v Metallurgirya i toplivo.

Lekibnis hesh it h
4, o8y, [0

TEXT: The goe-encw f gctta-ferrits in 2vainless steels
has, in sc Tafes, an owmpe s tant effect on the martensite
transforwavion, shivving 1z rcwards higher temperatures
(Refo 1 - Kofe Iniin. 2,1, Llewellyn, FLE, Pickering - J. Iron
Tostbe, 19ln, Ve 192, No. 3 (Problemy sovremennoy
metallurzii, Ly6G, .y 1)) tut, in other in=tances, the effect
i3 absenn. The poo. cub ine gatxgation aimed % elucidating this
problem.  Steels (oww three heats were usedy sach heat was
teemed din 3000 batet:3, Individual batches Jiffered in the
cobalt or elumirism .ontent. The delta ferrits was isolated
frem one beat (R,0563% G, 0.58 Mn, 0,28 S1, 12,50 Cr, 7.60 Ni,
Card L/3

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6

HA l- BENRSE @!5%’3’“‘?!?‘3{?@‘!&3&2‘:5?&"§Sﬁ SEER? 1 PRELTORE POlISES TR IR RO AR e aeias
e RN [} \ - =

23668

$/180/61/000/004/006/020
of delta-ferrite ooe. E1L11/E380

The role

0.14~1.90 Al in the different batches) by ancdic solution
in an electrolyte containing 350 g/litre FeCl3 and 20 ml./litre

of HC1 [Austractor!s note - the text gives "20 mg/litre]. The
delta-ferrite was subjected to microchemical analysis. Since
martensite and carbides were absent after quenching from 1 050 C,
the austenite ccmposition could be calculated. The influence of
delta-ferrite on the martensite transformation was studied on

two other heats, whose composition (respectively, 0.06, 0.09% C;
0.53, 0.54% Mn; ©.28, C.42 Si; 16.88, 15.20 %r; 2.69, 4.60 Ni:
0-11.12, 0 Co; O, G-¢.32 Al) was chosen so as to give martensite
points above room temperature in each batch. Various quenching
temperatures were used and the effect of aluminium, cobalt and
delta-phase =nont e ¢p she wartensite traznsformation was studied.
Thes authovs conelns- that delta-ferrite gppearing in the
structure of s-aliwess slesl produces a subsrantial redistri-
bution of carben aad alleoving elements betwezn delta-ferrite

and austenite, leading to a «drop in martensite-transformation
temperature, the drop increasing with increasing delta-ferrite

i
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4 = 1 Uy Ak e
referenses quoted s ; latest Inpiish- ~language

F.C. Monkman. F.m e Cn el oy Lo toxt: nof. 2 -
po T oty L i NG Grant L Meval Progr 1957,
*y

Ve 711 no., [f' Rt K] : 1, T Shi

195 - Lt neted Cele wRlrley - J, Tron a

3 ;;q‘ leefr, Live : Re:iy 5 H.C, Vaibhar . ¢, J. ngeffxfel Inbt
€. Nat, Bur, Siandasde, 19540 3%, “'u: 2. olde -

SUBMITTED: Febroary 27, 1957
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EO71/E435
AUTHORS : Belyakov, L,N. and Livshits, B.G. (Mcoscow)
TITLE: Delta ferrite in an austenite-ferrite stainless steel

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye
tekhnicheskikh nauk,., Metallurgiya 1 toplivo, no.5,
1961, 90-95

TEXT: The influence of hot plastic deformation (forging and

rolling) the retention time at temperatures of homogenization

(1650 to 1300°C) and cooling velocity of ingots on the amount of
p-ferrite in an austenite-ferrite stainless steel (C 0,07 to 0.09;

Mn O.44k to 0,70; Si 0.52 to 0.70; Cr 14,53 to 15.73;

Ni 7.7 to 8.8; Mo 1.60 to 2,30; Al 1,30 to 1,.38) were
investigated, The determination of b6-ferrite was done. .in all

cases by the metallographic method with an accuracy of + 0.5 abs . %

and by the magnetic method with a relative accuracy of + 3%. V//
For the latter method, specimens were austenized at 1050°C for

15 minutes, cooled in air to 300 - 250°C and annealed at 250°C for -
1 hour in order to stabilize the austenite, It was found that

the velocity of cooliig of the ingots has an influence on the

amount of 6-ferrite i the austenite-ferrite steel. The lower

Card 1/ 3
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Delta ferrite in an austenite-

¢ e o0

the cooling rate
higher is the content of H-ferrite

periphery of the ingots,
Smaller amount than in the axial part

of stainless steel at 1000 to 1100°C lowe
amount of 6-ferrite9 whereupon forging an

equivalent results,

3 on rolling a 450 kg ingot
heating cast and
at this temperature for 0.5 to 5 hours
changes only a little,
substantially,

Same temperature,
distribution of b
dendritic segregation,

since zonal non
Section of an ingot is

insignificant.

E071/E435

in the range of crystallization temperatures, the

in the cast steel,
axial part of the ingots weighing 25 and 450 kg the amount of
G-ferrite 1is 1,35 times higher than on the periphery,

martensite is present in a considerably

A non-uniform distribution of martensite is
more stable, but this non-uniformity of t

6 to 2.3 mm thick,

forged steel to 1050 to 1150°C and retaining it

whilst at 1200 to
Hot plastic deformation
" the amount of 6~ferrite considerably fast

It is considered that
~ferrite and martensite in irgots is due to
-uniformity along the cross-

S/180/61/000/005/014/018

(=]
=
[ad
=
[ 4
{

Hot plastic deformation
rs substantially the
d rolling prcduce

he structure is removed:
On

the amount of 6-ferrite
1300°C, it in:reases

at 1000 to 1100°C lowers

er than annealing at the
the non-uniformity of the

There are 5 figures,
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3 AUTHORS 1 Livshits, B.G., Rymashevskiy, G.A., and Kosyreva, N.P.

TITLE: Study of bonding forces in alloys of the
nichreme type

FRRIODICALs Izvestiva vysshikh uchebnykh zavedeniy,
Chernaya metallurgiya, 1961, No.5. pp. 139-146

TEXT: It has been shown tha: some alloys with a singla-phase
solid-sclution structure based on transiticn-group metals shew an
ancmalous change in ele:‘rical resistivity during ‘empering after
hardening or ccld deformation The significancze ~f thr K-state in
alley properties has bpen inrestigated {2 g. Ref.6; Sh.Sh. Ibragi-
mov. B.A. Livshits., FM 1 M vVv.4, 1957, No.2, 313) and ordering
effects were considered by Yu A. Bagaryatskiy and Yi.D. Tyapkin
{Ref.10: DAN SSSR, 1958, V.122. No.3, 806}). The available data,
cbtained by X-ray metheds, on bending-force changes in tempering
cf Ni-Cr allovs (Ref.8: v. A, Il'ina, V.K. Kritskaya =5 al., FM
i+ Mo, v.b4, No.3, 1957, 417) are qualitative in character. The
present authors therefore decided ton measure bonding forces in such
alloys by measuring their Debye rharacsteristic temperature from the

s
L IR
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elastic modali. The composition of alloys studied approximated
that of NipCr (see Table !). Alloys were mel+ed :in a 5- kg high-
frequency furnace and remelted in vacinwa. Tngots were poured into
a chill-mould, annealed in argon and hor -forged tv a diameter of

8 mm. Test specimens were prepared by cutting, Changes in
Young®s modulus, shear modulus, Debye characteristic temperature,
electrical resistivity and microstructurae were studied, The
elastic moduli and charasteristic temperature wers determined by a
published method (Ref. l1: V.1, Korotkecw. FM 1 M.. 1956, V.2, No.l
and Ref,12; V.I, Korotkev, B.N. Finkel! shteyn. DAN SSSR, V.108,
No.5, 846, 1956) tc an accuracy of 2 0.44%, The natural vibration
frequency was determined by comparison with the standard frequen:y
of a quartz generatsr, Hardened spec:mens were tempered at 300,
koo 450, £00, 550, 600, 650 and 700 ©C with holding times of

35 min, 1, 4, 10 and 25 hours, and then water quenched. Properties
were measured at room temperature after each heat treatment, The
changes (as perceatages of the values in the hardened state) in
resistivity (9). shear modulus {G) and Young's modulus (E) are
shown as functions of duration (hours) in Fig.l (subscript 3aK
means "hardened") for wvarious tempering temperatures (300 to 700°C)

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6

TEHESE  EERIREIER ¥ SRR E&mi—‘mﬁﬁ A TR

3 5
S .. 5/148/61/5887005 /009 /015
Study of bonding forces in alloys..., E111/E180

for an alloy with 31,18 atomic % Cr. The correspending values for
tempering at 450 ©C for 25 hours are shown as functions of Cr
c¢ontent in Fig.4 {which also includes the percentage change of @6,
*he Debye charactieristic temperature). The observed change in @
18 much less than reported in the literature for similar alloys,
The indications are that the reiation hetween the characteristic
tempaerature {(as determined by X-ray tnvestigations) and the value
of the atomic interaction force is more complex for alloys than for
rfure metale, Ax nointed our by V.1, Iveronova, O.N. Kassandrova
and Ye.(, Rezantseva (Ref.l4: same journal, 1960 No.1l, 133) the
distribution as well as the maximum vibration frequency is involved
and this dissribuaticn probably changes on passing from pure metal
to solid soluticns. The development of the K-state on tempering
is accompanied by a volume decreases in all tested alloys,
producing a characteristic microstrusture ansd leading to an
increase in bonding ferce: A.S, Kagan and Ya.S. Umanskiy made an
analogous assumption, The closer the alloy composition 1s to
NisCr the greater the increase, From their own and other work the
authors consider the direct relation between the K-stata and lecal
crdering in NioCr type nizhrome alloys (proposed by

Card 3/8
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Yu. A, Bagaryintskiy and yu.p Tyapkin in Ref.10) ts be sufficiently
¢onclusively proved, The question of whether this physical
heferogenelty is accempoanied by chemical (atomie) segregation in
alloys with less than 33 atomic % Cr remains unanswered,

There are 7 figuras, 2 tablea and 15 references; 9 Soviet,

3 English and 3 German. The English language refarences read:
1941,

Ref,1s Ziro Jano. Jaran Nickel Rev., 9, 17,
Ref,3: A, Taylor, K.q. Hinton, J,Inst. of Metals, 81, 169, 1952,
Ref.5: R. Nordheim, N, Grant, 3. Tnst, of Metals, 382, 9, 1954,
ASSOCIATION H

Moskovskiy institut stali
(Moscow Steel Institute)

SUBMITTEDg September 29, 1960
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AUTHOR S » Vevigina, Z.S., und L\vqhits B. 4G,

™
3

Study sf the annﬂallﬂk o{ VT-3 and VT-3-1 alloys

'-_\'

Ry B
PO IODICAL: Tzvesdliva vysshikb ucliebnvkh . ivedeniv,
Chernaya metallurgiya. 1l4bl, No.5, pp. 162-172

TenT: The =iructure and propertties of titanium alloyy were
studied. 1n connoction with the decomposition of the martsnsitic

1" =phasa) and -he ‘ransformat:cn of the residual

Ti-baze alicys used were V-3 (4. 875%A1., 2.86 cr, .
No o 0,08 Si. 0.27 Fe., C.00% Hy., 0.03 C), and VT-3-1

1T Cr. 1.7 Me. 0,20 0, 06G.0353 Ny, 0.14% Si. 0,27 Fe,

Blruosniure

3 Ch. The VI 3 ailoy was quenched from 1100 and J
LICw 70 i water . and annealeod at 106-3800 ©C with water or alr )&
conhaneg, Fleceri-at rezistane and hardness measurecments, and also >

mirroztrustural, ¥-ray and ditatomssry tudxes. were made,

Fig.l shews *h: nlactrisal resistances (ohm mm-l m) acainst
temperane Teapsrveature ¢ fafcer hardentng) for different times, f(or
the VI-3 alloy., !'7zig.la aftar heat treatment atv 1200 ©C for twc
hours and quenczhine ' water, with ar air cool after tezmpering:

e

Lard
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Fig. 16 i3 the sams with & water quench after tempering. Fig.1#%4

ig after heat treataing a* 1100 ¢> for 15 minutes and water
guenching, with water c¢noling after temperingl. Similar curves

are plotted for hatrdusss after the sam» heat treatmen’s.

Fig.% shews the changs in hardnesa {Fig.4a) and elrctrical
resistance {(Fig.d ) =t alloy YT -3-1 against annealing temperature
aftsr hea?r treatment ot 1060 fe for 15 minunes and water-guenzhing.
with water cooling afinr annealing. (Curve L 18 annealing for

2 heurs: curve 2 Too 12 hours: ocurve 3 for 24 hours). It can be
seen from the turves thar the relation betwesn the propesrties of
the alloys and ifempering temperature 1is somswhat complicated and
depends on the 1nitial stracture st er quench.nc. Decomposition of
the marcensitiic phas:z during ageing leads to a decrease in hardnes:
and electrical resistance and transformation of the residual
{-phase leads tc an increase in properties. Cnoling in water afrer
taempering accelerates the transformation cf the residual p-phase.
The transformation of the residual p-phase probably takes place by
a martensitic change, but the temperature of the end of the
transformation is in th= subzero temperature rangée, and it 1is
therefores impossible tn ahtain & structure without metsastable

Card 2/7
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\gfao 1520
G.A.

Livshits, B.G. and Rymashevskiy1
Elastic properties of alloys of the nickel
avedeniy,

system
Izvestiya vysshikh uchebnykh 2z
metallurgivya, no. 7: 1961, PP 138 - 141

TEXT: Many alloys: which
single-phase solid solutions.
cooling- A particular
gented bV alloys in i
temperatures, j

an anomalous
resistivity
mens . t has been pos

129, 219, 1951
R 'Y _.at one CO

AUTHORS:
-vanadium

TITLE:
Chernaya

PERIODICAL:
res constitute

their atomic structure on
s of this type is repre-
stable at low
The onset © state is revealed DY
i particularly electrical
rk—hardened specl-
Z.f. Physik.

at high temperatu
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v, were preparcd by HF

nizing treatment .

o

Elastic properties v
98 at o%

about 0.009% C and up to 12.

induction melting in . followed by a homoge

forging to rods i i and machin mm
The measu carried out jed (2 hours

o¢ followed by furnace—cooling) or quenched (2 hours at

ed by water—quenching) specimens: The results

in Fig. 1, where the electrical resistance

(E. Kg/mmz), shear modulus

at 1 200
1 200 °C follow

are reproduced

ohm»mmz/m), Y +s modulus

°k) and Poisson

oung
t (at%

Thus :
xist in Ni-V

the properties
1ies to th . @
conclusi
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S.A. Yeliseyev, G.M. Ashmarin and B.N. Finkel'shteyn are
mentioned for their contributions in the field.

There are 3 figures and 9 references: 6 Soviet-bloc and

3 non-Soviet-bloc. The English-language references quoted
is: Ref. 8 - Z. Nishiyama. Sci. Rep., Tokio University,
18, 359, 1929.

ASSOCIATION: Moskdvskiy instit.ut stali
(Moscow Steel Institute)

SUBMITTED: March 2, 1960
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AUTHORS 2 Lakhman, N.G., Livshits, B.G.
v
TITLE: Phase transformations in o142 (YuliM2) alloys

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Cherraya
metallurgiyaquo,ll, 1961, 122-128

TEXT: {ron-alumninium alloys of the alphenol type (16% Al) are a
promising substitute for nickel-base high permeability alloys.
The authors have studied the properties of similar alloys (Ref.l:
Precision alloys. Sbo trudov TsNIIChM, no.23, Metallurgizdat,
Although binary Fe~Al alloys have been investigated by several
authors, little has been done on phase changes in ternary iron-
aluminium-molybdenum alloys. For theilr present work, in which
A, Kshivitska participated; the authors studied an iron-aluminium
alloy with 2% molybdenum (type yuliM2 alloy) which has good
magnetic properties. The alloy was H,F., induction melted in a
30 kg furnace using directly-reduced iron, primary aluminium and
metallic molybdenum. Melting was effected with diffusional
deoxidation with a lime slag, treatment with a mixture of
ai&%§%§§E$£OWder and lime and cover i yolite sl;g° The
a EORLRELEASE:S 0,005% C,
Card 1/ 4 e 937&%/12‘&&{‘
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Phase transformations ... E111/E480
0.,007% S, 0,003% P, 0.01% Si, 0,001% Np, traces of copper and
no detectable Mn, Cr or Ni, The 8 kg ingots were homogenized,

forged, hot-rolled to a thickness of 2 mm and rolled at 600°C to L
0.35 mm thick strip. Change of electrical resistance on heating
and cooling was measured using a potentiometric apparatus:?
specimeng were heated in a tube furnace at 200°C/hour. To find
the room-temperature resistance after hardening and tempering,

150 x 10 x 0,35 mm strip specimens were tested in a double

Thomson bridge. The modulus of elasticity was determined on
heating up to 900°C and cooling by A.V.Panov's method (Ref.8:
G.A.Rymashevskiy, Izv.VUZ. Chernaya metallurgiya, no.l, 1961)

on 50 x 10 x 0,35 mm specimens; the value of the resonance
frequency corresponding to maximum amplitude was found at each
temperature, The effect of temperature on magnetization was found
with N.S.Akulov’s nanisometer! apparatus using 3 mm diameter,

30 mm long specimens at heating and cooling rates of 200°C/hour.
For magnetic measurements' by the ballistic method, toroids of

50/40 mm diameter and 0,35 mm thickness were used., The results
showed that tempering of the quenched alloy at 200 te 450°C leads

Card 2/4
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to a decrease in electrical resistance and magnetic permeability
and an increase in coercive force as a result of an ordering
process, Further evidence of ordering is provided by curves
showing the dependence of resistance, elastic modulus and
saturation magnetization on temperature. Ordering intensifies
with increasing tempering time but disappears on prolonged holding,
Changes in the modulus of elasticity and electrical resistance
above 500°C are anomalous, as is the resistance increase when a
quenched alloy is tempered over 500°C, OUne explanation of these
effects: is in terms of the transition from a superstructure of the
type Fe3A1 to FeAl; but it is difficult to believe that
formation of the non-magnetic FeAl structure would raise the
maximum permeability by 30%: moreover, anomalous forms of
resistance curves are also observed in other alloys in which there
is no second type of structure in the high-temperature region,

It is more likely that, in the Yul4M2 alloy, two processes are
superimposed, one being ordering and the other possibly associated
with redistribution of atoms (K state); the nature of the latter
requires further investigation. This second process is

Card 3/4
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evidently stimulated by the introduction of molybdenum which also
retards ordering, There are 4 figures and 19 references:

11 Soviet-bloc and 8 non-Soviet-bloc, The references to English
language publications read as follows:

Ref.4k: A,Taylor, B,Jones, J, Phys. Chem. Solids, 6, 1, 1968, 16;
Ref ,10: B.D.Bennett, J, Iron and Steel Inst., 171, 1, 4, 372, 1952;
Ref,1l: C, Sykes, H, Evans, Proc, Roy. Soc., 145, 529, 1934;
Ref.18: F.W.Jones, C,Sykes. Proc. Roy. Soc.,, A, 166, 376, 1938,

ASSOCIATION: Moskovskiy institut stali (Moscow Steel Institute)

SUBMITTED: May 3, 1961
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E021/£180
AUTHORS : Kekalo, I.B,, and Livshits, B.G.
.‘——-‘\._
TITLE: A new magnetic-diffusion effect in invar, studied by
the method of internal friction
PERIODICAL: Fizika metallov i metallovedeniye, v.12, no.3, 1961,
314-321
TEXT: The low temperature transformations ir invar were

investigated by the method of internal friction since this method

is very sensitive to atomic diffusion processes occurring in

metals and alloys, The heating device and the sample were placed

in a solenoid which enabled measurements of internal friction at
different temperatures and in a magnetic field. The samples were V///
300 mm long and 0,7 nr in diameter, Measurements were carried out

in vacuo (10°3 to 10~%* mm Hg). The internal friction was
calculated from the usual formula. All the experiments were
carried out on annealed zampleas. Good reproducibility of results
was obtained, The basic internal friction-temperature curve for
invar containing 0.02% carbon has a peak at 200 ©C caused by
diffusion of carbon atoms into the y-lattice in a field of elastic
Card 1/2

e g

s

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R00090

4| 5 PR a7 WRIFET M EESPINFERERRAAT L ER o By RED Y b2 ‘_":n’:S:T—_‘
rrsmansH BT G W B Gade AT mm!i«m BRI WAL ; : = L

8-6

s . $/126/61/012/003/002/021
A new magnetic-diffusion effect in ,,,. E021/E180

stresses. When the sample is held at a constant temperature below V///
the Curie point, the internal friction falls with time, the main
decrease taking place in the first 1.5 hours. The maximum -
decrease occurs at 100 °C and is 17-20%. At room temperature and
at the Curie point (260 °C) the decrease is very small, If the
sample is magnetised to saturation, internal friction does not
drop with time on holding at a given temperature, The effect also
depends on carbon content, The greater the carbon content, the
more marked is the fall in level of internal friction, The
observed effect is attributed to segregation of carbon atoms in
the boundary regions of domains. K.P, Belov is mentioned in the
Paper, There are 5 figures and 7 references; 4 Soviet-bloc, 1
Russian translation from a non-Soviet publication, and 2 non-
Soviet., The two English language references read as follows}
Ref.3: I.S. Marsh, Alloys Iron a, Nickel, I, 1938,
Ref.6: B.S. Zement, B.L. Averbach, M. Coheu. Trans. Amer. Soc.

Met., 1951, 43, p, 1072,
ASSOCIATION: Moskovakiy institut stali im, I.V. Stalina
Card 2/2 (Moscow ‘Steel Institute imeni I.V. Stalin)
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its, B.G.

in the Fe-Co-V system.
vanadium content

PERIODICAL: Fizika metallov i met
1961, 526 - 533

TEXT: The metastable state of
has some similarities to that of ir
metastable transformation and decom
to form alpha and gamma phase3 can
devoted to a study of the structure
alloys with 9 -~ 15% vanadium and 52
the alloys was investigated in non~

20 °C/hour to room temperature and

Card 1/4
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TITLE: Inveatigation of the structure of irreversible alloys

I. Alloys with a high
allovedeniye, v. 12, no. 4,

iron~cobalt-vanadium alloys

on~nickel alloys but both

position on isothermal holding
occur. The present work is
of iron-cobalt-vanadium

% cobalt. The structure of
equilibrium states after

quenching from the single-phase gamma region followed by iso-
thermal tempering and after cooling from the same region at

to intermediate temperatures

with subsequent water-quenching. The structure of irreversible
iron-nickel alloys (10 - 20% nickel) after quenching and

CIA-RDP86-00513R000930230008-6"

CIA-RDP86-00513R000930230008-6

3 8 527 TRNEARING  ARSIEN SR IR EDIAS RO | iyl 3 Bt BASRE K B IERTRN R % AT
. 4y ‘a\iﬁ,ﬂtmﬁéﬂ.ﬁ&&f@ﬂﬂ Hr ol ] SR R Bt s et



S/126/61/012/004/005/021
Investigation of c... E111/E335

isothermal tempering were also studied. X-ray, dilatometric

and optical and electronic microscopic methods were used. Alloys
were high-frequency induction melted and subjected to hot and
cold deformation to obtain rods and wires for preparation of
specimens. Pollshed sections were prepared in the normal way;
lacquer replicas were used for electron-microscopy. X-ray
diffraction patterns weres obtained in monochromatic CrKa
radiation, enecimens being heat-treated in evacuated quartz
capsules. Dilatometric specimens were made from cold-rolled
5-mm diameter wirej; curves were obtained at heating rates of

2 °c/m5.n. The authors draw the following conclusions: the
structure and phase state of the iron-cobalt-vanadium alloys
greatly depend on the rate of cooling from the all-gamma
solid-solution region. If cooling rates are high (water-
quenching), the ordering and decomposition processes in the
gamma-phase are suppressed and only the martensite transformation
occurs on cooling, its extent depending on the composition.
Complete decomposition to give alpha- and gamma-phases,

according to the phase diagram, occurs with very slow cooling.
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in the supercooled gamma phase having the alloy composition. _
The phase state and structure also thange greatly in the tempering
of quenched alloys, depending on tempering temperature and
vanadium content. Het ergeneous decomposition to form alpha and
gamna phases occurs in alloys having martensite structure in the
initial state; this is accompanied in high-vanadium alloys by
decomposition and ordering of residual austenite. There are,
thus, two composition regions in ona of which the gamma-phase L/
Separates from alpha and, in the cther, alpha from gamma. .
According to this characteristic, W. KBster and H. Schmid
(Ref. 8 - Arch. Eisenhlittenw., 1955, 26, 42,2.1) subdivided the
two-phase composition region intc two regicns. However, the

. Present work has shown that the 10-12% vanadium (52% Co) alloys

, have a tempered structure consisting of Precipitates of gamma=~
Phase in alpha matrix and decompozed austenite with bPrecipitates
of alpha-phase. Entermediate~region allcys have the highest
coacive toice after quenching and tempering. The results agree
Card 3/4 '
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with published X-ray data (Ref. 10 - R.W. Fountain, J.F. Libsch,
Trans. AIME, 1953, 197, 349), :

There are 6 figures, 1 tablas and 10 references: 4 Soviet-bloc \/
and 6 non-Soviet-bloc. The two English-language references
mentioned are: Ref. 3 - D.L. Martin and A.H. Geisler -
Trans. ASM, 1952, &4, 461; Ref. 10 (quoted in text).

ASSOCIATIONS:  Institut preksizionnykh splavey TsNIIChM
(Institute of Precision Alloys of TsNIIChM)
Moskovakiy institut stald im, I.V. Stalina
(Moscow Steel Institute im. I.V. Stalin)

SUBMITTED: October 24, 1960
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E111/R335

AUTHORS : Gorbunev, V.I. and Livshits, B,G.

TITLE: Investigation of the structure of irreversible alloys

of the system Fe-Co-V. TI. Alloys with a low vanadium
] cont ent

PERIODICAL: Fizika metalloy i metallovedeniye, v. 12, no. 4,
1961, 534 .. 540

TEXT: Following their earlier work (Ref, 1 - FMM, 1961,

11, no. 6) on high~vanadium iron-¢cobalt alloys with 529 cobalt, //
the authors now describe a later investigation. This was on

the structure of iron alloys with 2.5 = 4,5% vanadium and. -
52% cobalt formed by slow cooling from the single-phase gamma
region, and on the structure of alloys with under 2% vanadium

after quenching and 1sgtherma1 t empering. Various cooling rates
were used, from 1 000 °¢C: waterwquegching, cooling with the
furnace and still more slowly at 20 "C/hour. The latter method

vag also adopted for cooling alloys to 800 - 500 °C at 50 °C
intervals with subsequent water-quenching. Specimens were

Quenched either direstly after reaching the required temperature

Card 1/3
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or after a 2h-hour iscthermal holding. Somotimes the structure
was studied after quenching and tempering. The methods of invest-

igation were the same as in the work described previously (Ref. 1).

The authars draw the following conclusions for the 2.5 - 4.59%
vanadium alloys: decomposition of supercooled gamma-phase at and
below garma/alpha boundary temperatures on the metastable phase
diagram is complicated by alpha-phase decomposition. The process
occurs an follows: the gammz-phase, undecomposed at high
temperatures, is :onverted into alpha-phase of the same compos-
ition on cooling; this change 1s martensitic in d4lloys with

over 4.5% vanadium but in those with less vanadium, in which the
transformation temperature is high, it is diffusional. The
alpha-phase produced decomposes on slow cooling or isothermal
holding to give an alpha 4 gamma structure. Thus, two successive
Phase~-transformations ozur. Comparison of the microstructure

of annealed alloys with that of alloys tempered after quenching
indicates that alpha-phase decompositicn in tempering and in slow
ccoling leads, at temperatures below the critical temperature of
ordering. to the formation of a highly dispersed mixture of
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ordered a'-phase and Y-phase. Only the gamma-to-alpha
transformation, without composition change, occurs with
increasing c¢ooling rates. Alpha-phase decomposition also fails
to occur during slow cooling in alloys with over b.5% vanadium;
this is due to its low formation temperatures. In alloys with
under 2% vanadium the gamma=-phase formed by decomposition of
alpha during isothermal tempering changes into alpha-phase on
cooling to room temperature.

There are 4 figures, 1 table and 6 references: 3 Soviet-hloc
and 3 non-Soviet-~bloc. The English-language reference
mentioned is: Ref. 4 - D.Z. Martin, A.H. Geisler - Trans. ASM,
1952, 44, 461.

ASSOCIATIONS: Institut pretsizionnykh 3plavov TsNIIChM
(Institute of Precision Alloys of TsNIIChM)
Moskovskiy institut stali im., I.V. Stalina
(Moscow Institute of Steel im. I.V. Stalin)

SUBMITTED: October 24, 1960
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E039/E135
AUTHORS ¢ Kekalo, I.B.., and Livshits, B.G.
TITLE: on the magnetic diffusion effect in Invar,

jnvestigated by the internal friction method. II.

FERIODICALt Fizika metallov 1 metallovedeniye, V.12, no.5, 1961,
6il-651

TEXT:  Ya.S. Shur and I.Ye, Startseva (Ref.2: ZhETF, 1960,
v.39, no.3) have shown that cyelic temperature changes cause
irreversible changes in the domain structure, In particular they
bring about thermal magnetic hysteresis. The aim of the present
paper was to investigate the thermal effects on internal friction

N

(Q"l) in invar containing 0.26% C. The work is a continuation of
previous work by the same authors. They show that heating after
stabilising treatment restores the internal friction (q-1) to its
original value in accordance with a basic curve, This restoration
is more complete for higher rates of heating and by heating to
higher temperatures. As a consequence of heating after the
stabilisation treatment conditions are created for a new decrease
card 1/2
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"E193/E383

AUTHORS Kekalo, I.B. and Livshits, B.G., _
~1vshiis, D.G,

TITLE: Internal friction of Invar as a function of
temperature, carbon content, intensity of
magnetization and time factor

PERIODICAL: Fizika metallov i metallovedeniye, v.12, no. 6
1961, 838 - 845

TEXT: The object of the present investigation was to study
the effect of the time factor and intensity of magnetization on
the temperature-dependence of internal friction of Invar
containing 0.01 or 0.26% C. The investigation was undertaken
because neither anomalous properties of this alloy associated
with its magnetic characteristics, nor the volume effects
assocjdted with redistribution of the C atoms at low temperatures
were taken into account in earlier studies of this problem. The

?

measurements were carried out in vacuum (J.O“3 - 10~4 mm Hg) on

wire specimens (300 mm long, 0.7 mm in diameter), preliminarily
annealed at 800 "C for 15 minutes. The results can be

Card l@’fz

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6"



2001

S TS

-6
5 §Y] 3 3 .

5 U ML EEE | PIYGEDA 4R,

s/126/61/012/006/006/023
coee E192/E383

Summarized gas follows,
1) On raising the tempaature to 260
friction background O-l

magnitude becomes much low

magnetic field and is hardly affected by Lemperature variation
below tha Curie point.

2) én internal~friction Peak is

Internal friction of

= 300 °C the internal-

branch of the Peak:
reproduced, in Fig,

-l 4 .
Q™" x 10 ofoa Specimen with 0.26% C is Plotted against
temperature ("c); Curves 1 and 2 relate to results obtai
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without the application of a magnetic field and in an
alternating field H = 250 Oe, respectively.,

4) Increasing the vibration frequency brings about an increase
in the internal-friction background level and a displacement of
the internal-friction peak towards higher temperatures, both
these effects being independent of the presence of a magnetic_
fi&ld.

5)° Calculated values of the activation energy for the C atoms
were U= 34 500 + 3 000 cal/mole at H = 0 and

U = 35 800 + 3 000 cal/mole at H = 250 Qe .

6) The character of the temperature-dependence of internal
friction of Invar depends on the experimental conditiomns, two
different internal-friction curves being obtained for the ragion
below the Curie point, depending whether the Specimen is heated
continuously or held for 2 hours at each test temperature before
taking the measurement. The effect of the time factor is
demonstrated in Fig. 7, showing a Q™ versus temperature

curve for a specimen with 0.26% C; the low-temperature branch
of the curve, indicated by a broken line, relates to results

card 3/§ y
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obtained on specimens held for 2 h ..t *he test temperature;
it will be seen that this treatment brought about a decrease

in q°1 v the magnitude of this effect reaching a maximum at
approximately 90 °c.

7) The results obtained indicate that the relaxation phenomena
in ferromagnetics should be studied both with and without the
applicatior of a magnetic field in order to distinguish between
the magnetic effects and those associated with redistribution
of atoms and structural changes. There are 7 figures and

1l references: 8 Soviet-bloc and 3 non-Soviet -blcc.

ASSOCIATION: Moskovskiy institut stali (Moscow Institute
of Steel)

SUBMITTED: November 15, 1960

Card ‘i/‘]'- (.(
APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6




"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6

IR b 100 77 2 ik iy e 6t T D A o5 Pl L RN

SO W

ST R N S R P

30C81
8/048/61/025/011 /027 /07"
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AUTHORS. Livshits, B=4E;’ Yeliseyev, S. A., Samarin, B. A., and
Somenkov, V. A.
TITLE: Phase equilibrium in the Fe203 —— BaQ systen

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya,
v. 25, no. 11, 1961, 1418-1421

TZXT: The diagram of the quasibinary phase equilibrium of the Fe203 — Ba0

system was studied. The investigation involved structural analysis (by -
X-ray and optical microscopy), measuring the structure-independent

/structurally insensitive) magnetic properties (aaturation magnetization, .
Curie point), and measuring the microhardness of the individual phase. u>/
The specimons Wwere prepared from F9203 and Ba(HOB)Q. and wora ginterad av '

different temperatures. Their compositions are given in a table. The
microstructure was examined on specimens nos. 1-20 gintered at 1200°C for
8, 24, and 32 hr, and each of them was ground and pregsed af%er 8 hours.
The microstructure was also examined on specimens sintered a% 1300°C for

CaAPPROVED FOR RELEASE: 03/13/2001  CIA-RDP86-00513R000930230008-6"
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Phase equilibrium 1n the ... B117/B102

4 hr (nos. 1-9) and for 1 hr (nos. 10-12). Specimens no. 7 were found to
consist of cne phase, and specimens nos. 2-6 and nos. 8-20 to consist of
two phases. Tae bright phase in no. 2-6 seemed to be hematite, whereas
the dark one appeared to be barium hexaferrite Ba0~6Fe201, The brignt

7

phase in nos. 6-20 was barium hexaferrite. The dark one could not ke J<
identified aad was designated as X-phase. In almost all ferrites, the

three phases showed constant hardness throughout the above-menticned

pariods of time and at avery sintering temperature. The saturation
magnetization was examined on specimens of the quasibinary F6205 = Ba0

syatem afier sintering at 1200°C for 6, 16, 24, and 32 hr. and by grinding

them intermittently. The saturation magnetization as a funciion of
composition, was found to have a waximum for specimen no. 7., and drop
linearly on either side of it, This shows that two phases exist in ¢
ranges of 0-14.%5 of Ba0O and 14.3-50% of BaO: a magnatin (BaO«6Fe?O

2 noraagnetic phese. It is hematite in the range mentioned first, andi
zvidentliy BaO-FeEO3 in the other. The Curie tenperature was moasured on

1

he

} and

ped

(Y

. . s et e . .
the same suecinens I e ranga A 10 3 57 of Tan the Curie paint was

- v

B
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corstant, which is indicative of the heterogeneity of this range In the
rarge of compositions from no. 7 to 9 tha Curie point is lowered, protably
due to the presence of a homogeneous region. 1In the range up to 14.3% of
Ba0 the Curle point was anomalously reduced for apecimens ncs. 2, 3, and

4, after 16-32 hr of sintering This is probably a consequence of the

chenge in the compnsition or in the structure of the ferrimegnet:is oh
(barium texaferrite). In specimens nos. 2-6, which were sirntersd a*
1200°¢ for 24 and 52 hr, heterogeneity was established by means of 7

Se

™

X

L-ray .
structurel anaiysis. The specimens sintered for 24 hr consist of "
henatite and barium hexaferrite. On an increase of the 3a0 content in

the mixture, the héxaferrite lines become more intense, while the henmatite /x/
lines turn wesker. In specimens sintered for 32 hr it 7as establighed )

that with increasing Ba0 content the lattice constant of barium
hexaferr:te increases on axis a., and drops somewhat on axis c. Changés in
lattice parame%ers are quite inaignificant. 8till, they exceaed the
experimental errora; this should not occur in the heterogensous regicn of
the binary equilibrium diagram. There are 4 figures, 1 table., und

2 references: 1 Sdiviet and 2 non-Soviet. The reference to the Eryiish-
langiage publications reads as follows: Yasumasa Goto, Toshia Takada, J

Card 3L§%/
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s/o3761 /027/001/028/037
B017/B054

AUTHORS: Selyavo, A. L., Livehits, B. G., and El'burikh, G. S.

TITLE: Device for Testing the Deflection of Springs on Heating
PERIODICAL: Zavodskaya laboratoriya, 1964, Vol. 27, No. 1, pp. 95-97

PEXT: A device was developed for studying the deflection of springs on
heating. The springs are subjected to a mobile load (of up to 18 kg). The
device pormits both the determination of apring elasticity as a function
of load at constant temperature and the determination at different
temperatures (of up to 900°O) under constant load. The load is applied to
the springs by means of a mobile plunger. Fig. 2 shows the calibration
curves for the incresse in length of an H43XxT (N43KhT)-alloy plunger, and
those for the increase in length of a plunger consisting of quartz tubes.
The increase in defleotion of springs on heating up to a temperature T is
caloulated by the following formula: (A)«)T - (.'.t'T) - | f(.)l),[j , where

;'T = gum of spring deflection plus plunger elongation in mm, (L\l)T
= gbsolute amount of plunger elongation in mm. The deflection of springs
Card 1/2
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on heating of t1e following steel ty

i pee was studied: 3x13 (3Kh13), 31961
§EI 961), 50XFA(50KhFA), and 65(C2 BA (6532VA). The tests were mad.)a'at ar91
nitial stress t .= 10 kg/mm® and under constant load. Fig. 3 shows the
curves representing the dependence of increase in deflection of springs

on the heati s o
ﬁgur“'ea ng temperature at ¢ = 10 kg/mm? and P = const. There ave 3

ASSOCIATION: Vsesoyuznyy institut avigtasi
onnykh materialov (Al11-U
Institute of Aircraft Materials) ( nion

7
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BELYAKOV, L.N.; LIVSHITS , B.G,

Phase analysis of X18HEIU austenite-ferrite steel,
no.10:1192-1194 '61.

Zav.lab, 27
(MIRA 14:10)

kiy institut stali im. I. V. Stalina,
1, Moskovskiy ins (Steel—Analysia)

(Austenite)
(Ferrite)
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s/180/62/ooo/oos/008/011

go40/EL35
AUTHORS Zakharov, Ye.K., Livshits, B.Ge (Moscow)

TITLE: Phaseo composition diagram of cobalt-chromium-titunium
¢ alloys

PERIODICAL: Akademiya naulc SSSR. Izvestiya.-otdeleniye
tekhnicheskikh nauvke. Metallurgiya i toplivo,

no.5, 1962, 143-150"

TEXT: Due to numerous discrepancies in the data reported 80 far,
a re-examination was made of the binary Co-Ti system

(30% Ti) at teuperatures up to 1500°C and a modified phase
equilibrium diagram plotted. The Co-Cr binary phase equilibrium //
diagram used in studies of the ternary system was that reported by
A.R.Elsea, A .B.Wentermann and G.K.Manning (Metals TechnologYy, P
v.1l4, no.k, 1948, 13-24) . An analysis of the equilibrium :
conditions in the co-Cr-Ti system was followed bY plotting the
liquidus and solidus curves of the Co corner of the Co-Cr-Ti
alloys and of the low and high temperature parts of the same
ternary -system. special attention was paid to polymorphic and
magnetic transformations (Curie point) and their dependence on
temperature. The intersectiou of the surface of allotropic
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.o E040/E43
- transformation and of the Curije point with the surface of
limited solubiljy

ty was investigated by thermomagnptic and
dilatometric techniques ang the results are plotted graphically
for Cr and Ti ccntents up to 20% by wt, There are 5 figures,

SUBMITTED: December 23, 1961
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12. E071/E483
AUTHORS . Lakhman, N.c., 2iz§ﬂitawm G, )
TITLE Recrystallization and grain &rowth in iron-aluminium-
molyhdenum alloys
FERICHT

CaL: Izvestiya Vysshikh uchebnykh Zavedeniy,
metallurgiya, ne.9, 1962, 155-159
Rccrystallization of iron—aluminium-molybdenum alloys,
€ontaining ] 4, aluminj 3 and 4% molybdenum wag studied
to obigin data

and grain growth of
alloysy nNecessary rop choosing the opti
heat treatment schedu]es.

induction furnace
A0d wetallic molyb
hot roelled inte a strip 2
rolled into a strip 0.35 n
i Mealings (each ol

Chernaya

+ Primary aluminiym
denum, -

omogcnized, forged,
Aormalized, Pickled ang .

The alloys.wefe h
Imn thick,
m thick,

The recrystallization
Lh duration) Yeére carried out in vacuye at VK/
550 to 1100°C at 50° intervalg, The influyencae of heating on
the gruain Lrowth wag Studiced by two motallographic methods dye to
Jeffries ang Saltykov, For approximate determij i
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Recrystallization and grain ,,, EO71/E5483

tenperature of the beginning or recrystallization, hardness of the
Specimens was measured both after annealing at 550 and 600°C and .
in the as-rolled condition; the temperature of the beginning of
recrystallization of the alloys studied was found to lie bhetween
550 and 600°C, A sharp increase in the rate of grain growth of

all these alloys at 860 to 850°C indicated that if brittleness isg
to b prevented, the annealing temperature must not exceed too°c,
Increasing the molybdenum content to 4% slows down the grain VK
growth in the 650 to 950°C temperature range, probably as a resuit

of the precipitation of the second phase. The latter redissolves

on annealing at 1100°C; thir probably explains why, after

annealing at 11.00°C, the difference between tjie grain size of

alloys with various molybdenum contents disappears, There are

5 figures and 1 table.

ASSOCIATION: Moskovskiy institut stali i splavov .
(sMoscow Steel and Alloys Institute)

SUBMITTED: January 3, 1962
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| M:{ ]2,0@ E039/E485 ‘
. AUTHORS: Livshits,_glg., Sumin, V.I. ,
TITLE: 'tagi;;;;:_and thermomagnetic effects and bond strengths'

- PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy.

- Cu=Ga 23
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in a-solid solutions of Cu-Zn, Cu-Ga, Cu-Ge

Chernaya metallurgiyadvno.3, 1962, 111-121

TEXT: The solid solutions based on copper alloyed . ith other
elements in the same group with increasing valency (Zn, Ga, Ge)

are studied. The electron concentration in these alloys JF
increases as we go from Cu-Zn to Cu-~Ge, Alloys of the following
composition were prepared from pure elements melted in a
graphite crucible under an argon atmosphere.

Cu-Zn 1.8; 8; 12; 17; 20; o4 ,8; 36.7 (% Zn)

7: 10; 12; 16; (% Ga)
Cu-Ge 2; Ly 6; 8; (% Ge)
Cu pure. .
All the alloys formed single phase solid solutions and their
properties werxe studied after cold deformation, after hardening
Card 1/2

APPROVED FOR RELEASE: 03/13/2001

CIA-RDP86-00513R000930230008-6"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230008-6

FEFY ITRH WSRO PR RS TR B ST A T IR B AR ONRESS BT RS

5/148/62/000/003/008/011
Galvano- and thermomagnetic ... E039/E485

~at 500°C and after annealing. The method of measurement and
calculation of galvano- and thermomagnetic constants used was as
described in an earlier paper (H, Schmidt, Z, f., Metallkunde, 49,
h.3, 1958). Examining the dependence of the specific resistance, .
the Nernst-Ettinghausen constant, the absolute thermal emf,
: . Young's modulus and the electrical conductivity on the
2% theoretical electron concentration n in all three systems, it is
observed that the higher the valency of the alloying element the
faster do the above properties change with increasing n. The
Hall constant does not follow this rule. A well defined
dependence of the above: properties on the electron concentration
-~ . is not, however, displayed, .There are 6 figures.

ASSOCIATION:: Moskovskiy institut stali (Moscow Steel Institute)

SUBMITTED: July 17, 1961
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s/148/62/000/003/009/011
E111/E435

AUTHORS Lakhman, N.G., Livshits, B.G,

o/’
TITLE: Electric resistance and modulus of elasticity of
Fe-Al alloys with Mo

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy.
: Chernaya metallurgiya,5mno.3, 1962, 125-134

TEXT: The object of the present work was to study the influence
of alloying with molybdenum on phase changes in iron-aluminium
alloys. This information -is needed to find the best heat
treatment and'pressure~working conditions for these ternary
alloys, which are becoming increasingly important as magnetically
soft and as scaling and corrosion resistant materials. The
alloys studied were 14% Al and 1, 2, 3 and &% Mo, Ingots of the
alleys were formed into 0.35 mm thick strip or 6 mm diameter rod.
; In addition to the temperature dependence of the electrical

" resistance and the modulus of elasticity, the change in resistance
. when specimens, water-quenched from 900°C, were tempered at

150 to 600°C for 5 min to 20 hours was studied. With all alloys
resistance was found to rise greatly up to 500°C and then fall,

Card 1/3
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Electric resistance ... . El111/EA435

with some tendency to rise at 800 to 1000°C. The slope of the
temperature curves increases the closer the approach of the initial
state to equilibrium. Two processes could be occurring in the
ternary alloys: ordering, associated mainly with falling
resistance and taking place at relatively low temperatures;

another process producing an anomalous change in resistance
(K-state), particularly evident at 1 and 2% Mo and possibly due to
loss of molybdenum atoms from the solid solution. When tempered
at 150 to 450°C, all the alloys showed a fall in resistance
compared with that in the quenched state, the fall being
appreciable (6 to 8%) with tempering for 5 min and largely

complete with 1 hour's tempering. The' temperature corresponding
to the minimum varied with tempering time., _Tempering at 500 to
600°C caused an increase in resistance. The changes are

probably due to order-disorder effects, molybdenum having a
disordering effect: as its concentration rises from 1 to 4%, the
maximum fall in resistance after tempering decreased from 18 to x
11% and was reached at a lower temperature. It is possible that
there are two stages in ordering, the second stage: being

Card 2/3
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Electric resistance ... E111/E435

gradually weakened when Mo concentration rises to 3 to 4%,

At tempering temperatures over 500°C, a superlattice effect may be
involved. Alloving with molybdenum greatly affects the influence
of temperature on the modulus of elasticity. With 1% Mo, the
modulus falls with rising temperature to about 500°C, then stays
fairly constant to about 650°C and falls sharply at hlgher
temperatures. With 2% Mo, the modulus falls to 500°C, then rises
to a maximum at about 750°C and falls sharply. The effect with
3% Mo is similar but less pronounced; for alloys with 4% Mo,

the fall continues throughout the range studied (up to 850°C).
There are 5 figures,

. ASSOCIATION: Moskovskiy institut stali
(Moscow Steel Institute)

" SUBMITTED: June 16, 1961
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- Eiydo ’ £073/635
»fAUTHORS: Belyatskaya, I.S., Kostin, L.K., Livshits B :
TITLE: The influence of the K - state on the creep strength
[ of nickel-chromium base alloys
PERTODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Chernaya
' . metnllurgiya.ino. 3, 1962,135
TEXT: Barlier investigation of the authors of this paper

- «’  ghowed that a nickel base alloy containing 15.8% Cr; 1.99% Ti;
1.78% Al 5.22% W;»0.26% v; 3.899% Moj 1.39% Fe; 0.05% B; 0.09% C
had a time-to-failure twice as long after additional treatment
“for the.K - state than the same specimens after standard heat
treatment. However, no such an improvement in properties
: ‘wccurred in- the nickel base alloy contaning 14.55% Cr; 1.93% Tij;
P 1.93% Al; 5.52% Wj 0.25% V; 3.40% Moj; 1,08¢% Fe; 0.005% B; 0.07%C.
b -Two heats of the alloy 3y 617 (EI 617) subjected to a heat treat-
v ment as proposed by the authors were also investigated for creep
strength. The specimens of one of the heats were additionally
treated to achieve the K - state and, after being tested for
creep strength for a period twice as long as specimens subjected

BSOS 2 23
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_establish the origin of an internal-friction peak observed by

did not exceed 0.05% and all the specimens except one were
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E193/E383

AUTHORS ; Kekalo, I.B. and Livshiis . B.G.

TITLE: Effect of intensity of magnetization on the
temperature dependence of the internal friction of
nickel

PERIODICAL: Fizika metallov i metallovedeniye, v.1l3, no. 1,
1962, 54 - 61

TEXT: The object of the present investigation was to

magnetlc propertiecs of nickel undergo an anomalous change at

100 C - it was considered most likely that there was a
relatlonship between the internal-friction peak and the

specific nature of the magnetic properties of nickel; hence -
the line of approach chosen by the authors in their experimental
study, conducted in vacuum on wire specimens 300 mm long, 0.7 mm
in diamecter. The impurity contont in tho experimental material

some workers in nickel at 100 9C. ‘Since it was known that the ’p///
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Effect of intensity ... E193/E383

subjgcted to the same preliminary heat treatment (30 min at e
800 “C, followed by slow cooling to room temperature). The e
results can be summarized as follows: the temperature

dependence of intoernal friction of nickel has two maxima at
" about 100 and 440 °C. The high-temperature peak is associated
with reiaxation at the grain boundaries, whereas the peak at
100 °C and its characteristics are related to the anomalous
variation of magnetic properties of nickel at this temperature.
) The height of the low-temperature peak increases when the
"B specimen is in the state of residual induction or when it is
. . magnetized in weak (9 Oe) magnetic fiz2lds. The low-temperature
: peak is absent in . specimens placed in strong magnetic fields.
‘ The internal-friction background increases in weak fields and
reaches a minimum value in a field of the order of several
hundreds of Oe.. Increasing the reduction given to the wire
specimens (during vire-drawing) before the final annealing
treatment brings about a decrease in the height of the low-
temperature internal-friction peak which is absent .on

i
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Effect of intensity .... E193/E583%

1. turves constructed for cold-worked material.,
W There arec 4 figures. : '

ASSOCIATION: Moskovskiy institut stali .
. (Moscow Institute of Steel)

SUBHITTED: November 23, 1960
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s/126/62/013/002/005/019
1€ \io E193/E383

AUTHORS ; Livshits, B,q,
TITLE:

and Rymashevskiy, G.A.
-E;state and atomic-bond
single-phase solid solut

Fizika metall
1962, 199 -~ 208

forces: in nickel-base

ions
PERIODICAL:

ov i metallovedeniye, Ve 13, no. 2,

Ler investigations the
ied by measuring the

¢ magne‘ic properties and other
s 1 result, no direct
nature of this

tace. The exXperimental
the following n.ckel-base single-phase

,NiBFe + up to 7.F at.% Mo; Ni + Co 4 up to
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5/126/62/013/002/005/019
K-state and ec.. E192/E383

9.7 at.% V; Ni-Cr alloys containing 19, 24, 31 and 35 at.% Cr.

" The experimental test pieces were first quenched from high
(100- 1 200 °C) temperatures and the variation of the properties
studied during subsequent ageing was correlated with the
variation in electrical resistance. Some of the results are
tabulated and reproduced graphically. In Fige 1 the relative
increase in the shear modulus ‘AGlﬁgd/ , % and Debye

temperature ZSG/EEGK, 9, during ageing of the NisFe alloy,

is plotted against the relative decrease (A@%%Gw %) in its

electrical resistivity; here, A G, A8 and A(" are the
a increments due to ageing, GSCLK’ 830K and Q‘)GK denote the

values of these properties for the alloy in the as-quenched
condition. The AG/G.‘SGK versus A@/@’bd‘ﬂ curves for nichrome

with various chromium contents are reproduced ‘in Fige. 2.
The 43@/ebqk, of Ni + Mo alloys is. plotted against the
| ~

:.‘ﬂ-;;_ 5
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K-state and «... BE192/E382
Mo content in Fig. 3. In Fig. ' K)G/G‘saK (upper diagram)
and A2/7 ¢ (lLower diagram) for Ni.),Fe + Mo alloys aged at
- 1

580 °C for 620 min are plotted against the Mo content. Several
conclusions were reached.
1) Both disorder-order transformation and formation of the

K-state bring about an increase in the atomic-bond forces.

2) Formation of the K-state in nichrome containing less than
50 ate$ Cr consists most likely of localized ordering of the
NiZCr type, accompanied by nickel enrichment of the domain

boundaries.
5) The variation in properties studied during ageing of alloys

of the ABB ) C type can be explained on the basis of the

assumption that formation of the K-state consists, in this case,
of the segregation of atoms of the third element (C), the
regions denuded of this element undemping a disorder-order
transformation of the ASB‘type.'
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K-state and .... E192/E382

The process of formation of the K-state cannot be explained
i g alone, although in some cases ordering
plays a predominant part. - There are 5 figures and 4 tables.

ASS50CIATION: Moskovskiy institut stali (Moscow Inatitute
of Steel)

SUBMITTED: January 2, 1961
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5/126/62/613/004/016/022
Hagnetic-field dependence eo.. El93[E383. )

yet bexn studied;

3) no attempt has yet been made to correlate data on internal-
friction and on the elastic characteristics of Ni determined in
constant and alternating fields. The experimental work was
carried out on wire specimens of Ni containing less than 0.5%
impurities, proelininarily vacuum-annealed at 800 °c. The

m-in msults are reproduced in Fig. 6, where the internal-

@

~

-

friztion (Q-l x 104, graph a) and variatior in shear modulus
(-3/G, % - graph §) are plotted against the magnetic-field
strength, curves 1 and 1° relating to data obtained %n a
constant magnetic field on specimens annealed at 900 “C,
curves 2 and 2' relating to results obtained in alternating
magnetic fields on specimens annealed at 600 °C. These and
otlier results can be summarized as follows:L the internal-
friction peak is observed in Ni in both constant and alternating
magnetic fields. The height of the peak in alternating ficlds
is almost ten times greater than that in constant fields, the
peak in the alternating field being displaced towards a low

Card 249%/
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Magnetic~field dependence sees - E193/E383 :

field intensity: 2. The height of the pealk increases with
increasing amplitude of the elastic vibrations, this relationship
being linear in constant fields and nonlinear in alternating
fields.3.The internal friction of Ni is proportional to the ampli-
turie of elastic vibrations, both in the absence of a magnetic

field and in constant fields of varying intensity. A nonlinear
relationship between the internal friction of Ni and the

amplitude of elastic vibrations is observed in constant fields

in the intensity range within which the internal friction reaches
its maximum value. #4. A negative AG effect is observed in Ni,
both in constant and alternating magnetic fields, the effect */
being several ftimes greater in alternating fields. The height v
of the magnetic internal-friction peak and the value of the

negative AG effect are interdependent and so are the field
intensities corresponding to the maximum value of internal

friction and minimum value of the AG effect.

5. The magnetic internal friction studied in the course of the
nresent investigation by the low~frequency torsion-pendulum

method is associated with losses on magneto-elastic hysteresis.
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Magnetic-field dependence ... E193/E383 .

The results cbtained are discussed in terms of the theory of
Teversible and non-reversible elementary magnetic phenomena
taking place in ferromagnetic materials. under the action of
magnetic and elastic forces. There are 7 figures.
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